This study investigated the effects of dietary supplementation with burdock powder and Aspergillus awamori-fermented burdock powder at 5% on the intestinal luminal environment and body fat in rats fed a high-fat (HF) diet. Food intake and growth were unaffected by dietary manipulation. Consumption of the burdock and fermented burdock diets significantly elevated fecal IgA and mucins (indices of intestinal immune and barrier functions) and reduced fecal lithocholic acid (a risk factor for colon cancer) (p < 0:05). The fermented burdock diet markedly elevated cecal Bifidobacterium and organic acids, including lactate, acetate, propionate, and butyrate, and reduced fecal deoxycholic acid (a risk factor for colon cancer) and perirenal adipose tissue weight (p < 0:05), but the burdock diet did not. These results suggest that consumption of fermented burdock improves the intestinal luminal environment and suppresses obesity in rats fed a HF diet.
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Key words: fermented burdock; Aspergillus awamori; intestinal microflora; secondary bile acids; obesity Burdock, Arctium lappa, is a popular vegetable in Japan. It has been used therapeutically in Asia, Europe, and North America for hundreds of years. It contains high amounts of dietary fibers such as inulin and oligosaccharides as well as polyphenols such as chlorogenic and caffeic acid. 1, 2) Its components have been studied extensively due to their antioxidant, anti-inflammatory, and prebiotic properties. 1, 3, 4) Recently, to improve the functional properties of burdock, we developed a method of producing Aspergillus awamori-fermented burdock. A. awamori can produce citrate, a useful food factor that possesses anti-fatigue and anti-Helicobacter pylori activities. 5, 6) The consumption of certain dietary fibers, including inulin and oligosaccharides, elevates the concentrations of intestinal IgA and mucins, which play roles in the maintenance of gut barrier function. 7, 8) Colon IgA levels are lower in patients with ulcerative colitis. 9) A recent study suggested an association between IgA production and a decreased incidence of colon cancer. 10) Intestinal fermentation of dietary fibers and oligosaccharides is associated with enhanced intestinal organic acid production.
11) Elevated intestinal organic acid production by fermentation is associated with decreased risk of colon cancer and ulcerative colitis. 12, 13) An increased intake of certain fibers has been suggested to reduce fecal secondary bile acids. 14) These acids, which are highly cytotoxic intestinal microbial metabolites of primary bile acid, promote colon cancer development. 15, 16) A high-fat (HF) diet increases fecal secondary bile acids and decreases cecal organic acid production, 17) and is believed to increase the risk of colon cancer and of ulcerative colitis. 18, 19) Our recent studies provide evidence of the favorable effects of certain polyphenols, which reduce secondary bile acids such as lithocholic acid and deoxycholic acid. 20) Burdock is rich in dietary fibers and several polyphenols. 1, 2) Hence in this study we investigated the effects of the consumption of burdock powder and A. awamori-fermented burdock powder on intestinal luminal variables, including IgA, mucins, secondary bile acids, microflora, and fermentation as well as body fat in rats fed a HF diet.
Materials and Methods
Fermented burdock was produced by Ahjikan (Hiroshima, Japan) and Yaegaki Bio-Industry (Himeji, Japan), as follows: Burdock roots (Arctium lappa) were washed with water, cut into 2 mm Â 2 mm Â 2 cm segments, and dried at 50 C for 4 h (A). Then the dried material was mixed with an equal amount of water, inoculated with Aspergillus y To whom correspondence should be addressed. Fax: +81-133-74-8344; E-mail: yokazaki@fujijoshi.ac.jp Abbreviations: G6PD, glucose 6-phosphate dehydrogenase; HF, high-fat; ME, malic enzyme; T-RFLP, terminal restriction fragment length polymorphism awamori (tane-koji in Japanese) spores at a final concentration of 0.1% (w/w) of burdock material, mixed well, and fermented at 35 C for 40 h. After drying for 4 h at 40 C, the fermented sample was milled to produce fermented burdock powder. An analysis of the A. awamori level by the method of Fujii et al. 21) indicated that the fermented burdock contained 20.6 mg of A. awamori/g of dry powder. The unfermented sample after process (A) was milled to produce burdock powder. The chemical compositions of the burdock powder and the fermented burdock powder are shown in Table 1 .
Male Sprague-Dawley rats (4 weeks old) were purchased from the Hiroshima Laboratory Animal Center (Hiroshima, Japan), and were maintained according to the ''Guide for the Care and Use of Laboratory Animals'' established by Hiroshima University and approved by the Ethics Committee of the University. The rats were housed individually in an air-conditioned room at [23] [24] C under a 12-h light cycle (light, 8:00-20:00). After acclimatization with a non-purified commercial rodent diet (MF, Oriental Yeast, Tokyo) for 7 d, the rats (average 105 g) were divided into three groups of eight rats each. The compositions of the experimental diets are shown in Table 2 . Burdock or fermented burdock powder was added to the rats' diets at 5% (w/w). The levels of dietary fat, protein, minerals, and fibers in the burdock and fermented burdock diets were adjusted by reducing dietary beef tallow, casein, salt mixture, and cellulose respectively ( Table 2 ). The amounts of dietary fibers in the burdock and fermented burdock powders were measured using AOAC Method 2001.03 of the enzymegravimetric method in combination with HPLC. 22) Equal amounts of the experimental diets were incorporated daily into food cups at 19:00 (9 g for day 1, 10 g for days 2-4, 12 g for days 5-7, 14 g for days 8-13, and 15 g for days 14-21) to prevent differences in food intake. All food was consumed each day until the next day's food was served. The weight of spilled diet was recorded daily and was accounted for in the calculation of food intake. Feces were collected during the last 3 d.
At the end of the feeding period, the rats were sacrificed by decapitation under diethyl ether anesthesia. Blood was collected, and serum was separated by centrifugation of 2;000 Â g for 20 min, and stored at À70 C. The liver as well as the epididymal and perirenal adipose tissues were removed quickly, weighed, and stored at À80 C until analysis. The cecum was removed, and its contents were collected immediately, weighed, and stored at À70 C until subsequent analysis. Serum triglyceride, total cholesterol, free fatty acids, and glucose were quantified using enzymatic kits (Wako Pure Chemicals, Osaka, Japan). Hepatic lipids were extracted by the method of Folch et al. 24) and were quantified with the enzymatic kits. The hepatic activities of glucose 6-phosphate dehydrogenase and malic enzyme were determined as described previously. 25) Fecal triglyceride was measured using an enzymatic kit after lipid extraction by the method of Folch et al. 24, 26) The total IgA concentration in the feces was measured using an ELISA quantitation kit (Bethyl Laboratories, Montgomery, TX). Mucins were extracted by the method of Bovee-Oudenhoven et al. 27) and quantitated by a fluorometric assay. 28) Fecal acidic sterols were analyzed using an internal standard (nor-deoxycholic acid; Steraloids, Wilton, NY) by a previously described gas chromatography method. 29) Bacterial genomic DNA was extracted from the cecal digesta with an Isofecal DNA extraction kit (Nippon Gene, Tokyo) following the manufacturer's instructions. Cecal microbiota were analyzed by a terminal restriction fragment length polymorphism (T-RFLP) methods as described previously. 30, 31) Cecal organic acids were measured as described previously. 32) Data were expressed as means AE SE. 
Results
Final body weight and food intake did not differ among the three groups (Table 3) . Serum triglyceride, cholesterol, free fatty acids, and glucose levels were unaffected by dietary treatment. Liver weight, triglyceride, cholesterol, and the activities of glucose 6-phosphate dehydrogenase and malic enzyme were unaffected. The fermented burdock diet significantly reduced perirenal adipose tissue weight (À33%) and total adipose tissue weight (epididymal and perirenal adipose tissues) (À24%) (p < 0:05), but the burdock diet did not. The fermented burdock diet significantly increased fecal triglyceride excretion (p < 0:05), but the dietary burdock diet did not.
Fecal IgA was significantly elevated in the burdock and fermented burdock diet groups (Table 4 , p < 0:05). Fecal mucins in the burdock and fermented burdock diet groups were significantly higher than those in the control group (p < 0:05), although they did not differ significantly as between the burdock and fermented burdock diet groups. Lithocholic acid was markedly reduced in the burdock diet group (p < 0:05), and was hardly detected in the fermented burdock diet group. Deoxycholic acid was significantly reduced in the fermented burdock diet group (p < 0:05), but not in the unfermented burdock diet group.
The fermented burdock diet markedly increased the cecal Bifidobacterium level (5.94 fold, Table 5 , p < 0:05), but the burdock diet did not affect them. The cecal Bacteroides level was significantly lower in the burdock (À50%) and fermented burdock diet (À77%) groups than that in the control group (p < 0:05). The other microflora were unaffected.
The wet weight of cecal digesta was significantly increased in the fermented burdock group (Table 6 , p < 0:05), but not in the burdock group. The fermented burdock group had significantly higher cecal lactate (47.5 fold), acetate (2.7 fold), propionate (3.0 fold), butyrate (6.3 fold), and total organic acid (3.4 fold) Since Bifidobacterium consumption has been reported to reduce body fat in rodents, 33, 34) the relationship between perirenal adipose tissue weight and cecal Bifidobacterium was analyzed. There was a significant inverse correlation between perirenal adipose tissue weight and cecal Bifidobacterium (r ¼ À0:515, p < 0:05), but cecal Bacteroides was not correlated with perirenal adipose tissue weight (r ¼ 0:421, p > 0:05). Furthermore, cecal Bifidobacterium was correlated with cecal lactate (r ¼ 0:515, p < 0:05) and acetate (r ¼ 0:756, p < 0:01), but not with succinate (r ¼ 0:021, p > 0:05), propionate (r ¼ 0:431, p > 0:05), or butyrate (r ¼ 0:488, p > 0:05). Fecal deoxycholic acid was inversely correlated with cecal Bifidobacterium (r ¼ À0:585, p < 0:05).
Discussion
Our results revealed marked elevations in fecal IgA and mucins and a marked reduction in fecal lithocholic acid in the burdock and fermented burdock groups. Dietary inulin and some oligosaccharides are known to elevate fecal IgA and mucins. 7, 8) Our preliminary study indicated that the burdock and fermented burdock diets contained 1.5% and 0.255% water-soluble dietary fibers (largely inulin), 0.1% and <0.01% 1-kestose, 0.1% and <0.01% nystose, and 0.1% and <0.01% fructofuranosyl nystose respectively. These levels appear to be far below those required to increase fecal IgA and mucins. 7, 8) Recently we reported that dietary supplementation with certain polyphenols, such as caffeic acid, catechin, rutin, and ellagic acid, at 0.5% reduced fecal lithocholic acid levels in rats fed a HF diet. 20) In the present study, the burdock and fermented burdock diets contained approximately 0.12% total polyphenols. Hence the polyphenol levels in the burdock and the fermented burdock diets do not adequately explain the reduction in fecal lithocholic acid.
Unexpectedly, the fermented burdock diet remarkably increased the cecal Bifidobacterium level. Consistently with this result, the fermented burdock diet markedly increased cecum organic acids, including lactate, acetate, propionate, and butyrate. Fecal deoxycholic acid was also lower in the fermented burdock diet, but not in the unfermented burdock diet. To our knowledge, our studies provide the first evidence that consumption of a food ingredient fermented by Aspergillus increases intestinal Bifidobacterium and organic acid levels and decreases fecal deoxycholic acid. Although burdock contains inulin and oligosaccharides as bifidogenic factors, 1, 2, 35) our data, given above, indicate that the contents of the fibers, including inulin, and oligosaccharides, which are possible fermentation products from the fibers, were far lower in the fermented burdock than in the unfermented burdock. Accordingly, the possibility that the fibers and oligosaccharides examined were responsible for the effects of the fermented burdock appears to have been negated. As possible bifidogenic factors in the fermented burdock, the cell body of A. awamori itself, extracellular proteins, citrate and so on secreted from A. awamori, and other fermentation products of burdock can be considered. Further study is in progress to identify the bifidogenic factors. In this study, both burdock diets, especially the fermented burdock diet, significantly reduced cecal Bacteroides levels, but the implications of these findings are unknown.
Recent studies indicate that the consumption of certain strains of Bifidobacterium has an anti-obesity effect in rodents, 33, 34) although the underlying mechanism is unclear. Hence the present study examined the weights of adipose tissues in rats fed the fermented burdock diet. The rats fed the fermented burdock diet had lower adipose tissue weights than those fed the control diet, but the burdock diet did not affect adipose tissue weight. In addition, there was a significant inverse correlation between adipose tissue weight and cecal Bifidobacterium. Thus, our results suggest that the marked elevation in intestinal Bifidobacterium due to fermented burdock was associated with the reduction in adipose tissue weight. This hypothesis remains to be confirmed.
In our study, fecal triglyceride excretion in the fermented burdock group was significantly higher than in the control group, but not different from that in the burdock group. The liver activities of lipogenesis enzymes were unaffected by dietary treatment. Hence the anti-obesity effect of the fermented burdock cannot be explained by mechanisms involving hepatic lipogenesis and fecal lipid excretion. A study by Kondo et al. 33) indicated upregulation of the mRNA of a fasting-induced adipocyte factor, Fiaf, in the small intestine of mice fed Bifidobacterium Breve B-3. Fiaf is a circulating lipoprotein lipase inhibitor. They suggested the possibility of the involvement of higher expression of Fiaf as a possible mechanism of the anti-obesity effect. Further study is necessary to elucidate the mechanisms of the anti-obesity effect of fermented burdock by examination of the expression of Fiaf and other factors related to fat metabolism. Serum lipids and glucose were unaffected by the fermented burdock diet. Since the present study was conducted with a short feeding period of 3 weeks, it is necessary to examine the effects of the fermented burdock diet on blood parameters over a longer feeding period.
After our study was completed, it was reported that dietary supplementation with 0.05% and 0.2% A. awamori reduced abdominal fat in broiler chickens, although the underlying mechanism is unknown. 36) In the present study, the fermented burdock diet contained 0.103% A. awamori. This raises the question whether consumption of A. awamori suppresses diet-induced obesity by elevating intestinal Bifidobacterium. In summary, this study provides evidence that dietary burdock and fermented burdock modulate fecal IgA, mucins, and lithocholic acid. Fermentation treatment of burdock with A. awamori markedly elevated cecal Bifidobacterium and organic acids and reduced fecal deoxycholic acid and adipose tissue weight in the rats fed a HF diet. These findings suggest that the fermentation product of burdock by A. awamori might have positive effects on colon health and obesity.
